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(57) Abstract: COPYRIGHT: (C)1998,JPO 

PROBLEM TO BE SOLVED: To avoid the effects of the 
result of DC offset to phase shift control and input 
amplitude control by adjusting the DC offset of an input 
baseband signal and a feedback baseband signal 
sequentially in an input-side and a feedback-side order 
and adjusting the phase shift and input amplitude except 
DC offset. 

SOLUTION: For the adjustment of a DC offset, a first 
inhibition means opens a feedback loop, signals from 
detection points a1 and aQ are compared with the 
reference voltage of the output of a reference voltage 
circuit 230, and an offset correction circuit Is 
controlled. Then, the output of an orthogonal 
demodulator 1 80 is taken out of detection points b1 and 
bO. and they are inputted to a comparator 220. A 
feedback side offset correction circuit 311 is 
controlled by a compared result For adjusting phase 
shift an Input digital baseband signal is inputted, 
signals passing through a feedback circuit are detected 
from the detection points b1 and bO and are inputted to 
the comparator 220. A reference signal is compared with 
the output of the orthogonal demodulator 180, and a 




JP 10-136048, (Hitachi Electronics, Ltd.)/ 22 May, 1998, 
Par. Nos. [0002], [0046] to [0051]; Figs. 1 to 11 
[Prior Art] 

A Cartesian-loop negative-feedback amplifier is 
5 used mainly in wireless communications in order to 
power-amplify a linear modulated signal in QPSK 
modulation, 16 -QAM modulation and OFDM. If it is 
adjusted properly, this negative-feedback amplifier will 
operate as a linear amplifier that compensates for non- 
10 linear distortion of a power amplifier output and makes 
high-quality communication possible. With a negative- 
feedback amplifier of this kind, however, several 
problems, set forth below, arise. 



15 toO+o J DC offset is adjusted as a first training stage. 
First, in order to adjust the DC offset of the input 
baseband signals, zero data is input as digital baseband 
I, Q signals and the outputs of operational amplifiers 
350 and 351 are input to comparators 223, 224 from 

20 detection points al, aQ. At this time the controller 

240 controls the output of reference-voltage circuit 230 
to 0 [V] so that comparators 223 and 224 compare 0 [V] 
and the outputs of operational amplifiers 350, 351 and 
render a decision. 

25 [oOA-ll In accordance with the decision information, 

controller 240 repeatedly adjusts the outputs of D/A 



converter circuits 112 and 113 and decides a D/A output 
value for which the input DC offset will be cancelled 
out. More specifically, controller 240 sets the 
adjustment range to PI = -VI [V], P2 = +V1 [V] (where VI 
5 represents the maximum offset voltage + margin that 
takes into consideration variance and temperature 
characteristics of D/A converter circuits 110 and 111), 
and varies D/A converter circuits 112 and 113 over the 
range -VI [V] - +V1 [V] to thereby output DC voltages. 

10 The outputs of D/A converter circuits 112 and 113 at the 
moment the sign of the outputs of comparators 223 and 
224 changes are decided on as the DC-offset correction 
voltages. As a result, the DC offsets of D/A converter 
circuits 110, 111 are cancelled out. 

15 [oo^^^ Next, in order to adjust the DC offset of the 
feedback baseband signal, the outputs of operational 
amplifiers 354 and 355 are input to comparators 221 and 
222 from detection points bl, bQ so that these are 
compared with 0 [V] output from reference-voltage 

20 circuit 230. 

(<?0^^3 In accordance with the decision information, 
controller 240 repeatedly adjusts the outputs of D/A 
converter circuits 114 and 115 and decides a D/A output 
value for which the demodulated DC offset will be 

25 cancelled out. More specifically, controller 240 sets 
the adjustment range to PI = -V2 [V], P2 = +V2 [V] 



(where V2 represents the maximum offset voltage + margin 
that takes into consideration variance and temperature 
characteristics of quadrature demodulator 180), and 
varies D/A converter circuits 114 and 115 over the range 
5 -V2 [V] - +V2 [V] to thereby output a DC voltage. The 
outputs of D/A converter circuits 114 and 115 at the 
moment the sign of the outputs of comparators 221 and 
222 changes are decided on as the DC-offset correction 
voltages . 

10 foo^oD Phase shift is adjusted as a second training stage. 

Input digital baseband signals corresponding to I = 
a [V], Q = 0 [V] are applied and the outputs of 
operational amplifiers 354 and 355 are input to 
comparators 221 and 222 from detection points bl, bQ. 

15 On the other hand, controller 240 controls the output of 
reference-voltage circuit 230 to 0 [V] and inputs this 
to comparators 221 and 222 so that this is compared with 
the aforesaid signals. In accordance with the decision 
information, controller 240 repeatedly adjusts phase 

20 shifter 200 to decide an amount of phase shift for which 
the outputs of operational amplifiers 354 and 355 will 
be I' = -k»a [V] (where k is a positive real number), Q' 
= 0 [V] . This will be described in greater detail with 
reference to Fig. 11, which is an explanatory view 

25 illustrating the adjustment range of phase-shift 
training processing. 
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FIG. 7 

223... COMPARATOR , 224... COMPARATOR , 241... CONTROLLER 

A. . .SIGNAL 
FIG. 8 

5 221... COMPARATOR, 222... COMPARATOR 
FIG. 9 

221. . .COMPARATOR, 2 2 2 ... COMPARATOR , 140 .. .MODULATION 
180. . .DEMODULATION, A. . .SIGNAL 
FIG. 10 

10 A. . .TRAINING, B . . . SET AD JUSTMENT RANGE (Pi, P2 ) , 

C. .. AD JUST CORRECTION MEANS (VARY PARAMETERS), 

D . . . COMPARATOR S IGN , E . . . NOT INVERTED , F . . . INVERTED , 
G... DECIDE CORRECTION PARAMETER, H. . .END 

FIG. 11 

15 A. ..SIGN OF COMPARATOR 222 (SIGN OF FEEDBACK I), 

B. ..SIGN OF COMPARATOR 222 (SIGN OF FEEDBACK Q), 

C. . .QUADRANT, D. . .ADJUSTMENT RANGE, E... (FIRST QUADRANT), 
F. . . (SECOND QUADRANT) , H. . . (THIRD QUADRANT) , I . . . (FOURTH 
QUADRANT), J +90°, K +180°, L...0°, 

20 M. . .-90° , N. . .-180° 
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ii^mmm>mtmmmtst.oymmy<}ioyT^\znm=. 
A:b^m±t?>^mt. ^m^-^i^xfmmm^m 
mr?>mm^m.t.. 7y7~m^(D?Fm^j:m^m^m 
±ir^^mt^mmir^m)v—:fmmmmtu mm 

x^^tiimmhrc.m^iz^^xppimm'^^dj 

mm<-y^Ay m-^<DDCyi-y'^y h^mEti>^m 
mmo^^m^ty^ch^-yAym^oymm^m 

[003 1] 

[0 0 3 2] RiatcfevNT, m<Dmiim-<Dmmni,i 

-9-*feliDSP(Cj:tJ|legStlTVNSo 2 2 0liJtic 

SI, 2 3 0 ii^msm. 2ioitmi (7ym±^m. 

3 1 OltmiOy:tyizy hWsEMm, 3 1 Ht.m2<Dyf 
y-^vhWiBSm. 13 4. l3 5tt^JaMJS:7>r;b^ 
i: LT#«-r-5Ki®iii|iil, 1 2 2, 1 2 3, 12 6, 
1 2 lltlsmm. 2 1 lliS|2<Z^#©1?*S. 2 9 
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o«D/A^iiii5Si 1 oRx:^i 1 KDtamximmiz 

mm 1 1 02it?i 1 ifCAAfSf^-fj;^^t;i/M#{cS 

mxiiz 9 0 ^mmmEmnm-o 

[0 0 3 3] ^^fC, 3®iM^lCOV%T|}WltS. ^iiif^ 

©2 4 0 a>mij(om?i^-:fm9m^m i <Dm±^m2 

3 SfcA^fSo mi<Dm±^m2 l Ojji^j^Srgi;!/-^ 
ICU ^20r^^ia2 1 ltt<t#®i!imS:«EU if 
fSggl 3 4;S:tJf 1 3 5{*?(J#S:-5^LTM;t/-^«!fi®$: 
tfe)o Jimtgli 2 62i:Ufl2 7ffi:^ji:Jn»g|i 2 2, i 
2 3 l,r:Lmt^m l S O m*«:Jtigfg|2 2 0 IC 
A*-rS. flB^«2 4 0 ffi*®«i|p^#lC AoT h U 

2 3 0ffl±f«)^@aEi:ltfia!lDiEtll 2 6, 1 2 7miJ 

Wii^mmi 8 offi;d{iitimis$tif>. 

mUtmmS. 240 ©A^i: LT, y hmBM 20 
813 1 Ojmz 1 1, #^B^2 0 OfeJ:tJf, l@iifillEI§I 
g&2 9 0 S:^n^ix«!H^-rs„ 

[0 0 3 4] DCTtyizy h<Dimit. mi<Dm±^m 

I, aQ;^)^e)®#■t^;. ^SffiIlI12&2 3 Om:^?©^ 

w&t^imu yi-yizy h*tiEiiiii!&3 loiimmt 
e^Btuffiu ifci5gS2 2 0fcAAu itimmz^m 

mm:tyiEy h*llEIllS!&3 1 1 WM-f^, 
[0 0 3 5] mQiyy hCDM^ii. i^^JlK- 30 

^ffiU i:bS;^2 2 0{CA:dt--5. it««##2 2 OT'tiS 
^PSffilliii!&2 3 0 ffl:^<Z)»|lfi^i:tlC3^^f| l 8 o m 

[0 0 3 6] Ati^-xAy K I, Qm-^(Dmfmm 

^^m^al, aQJ:»Jffi:^j$:SiajU Jtic^220tC 

wimsmm2 3o<Dmi3t.iiiKAjju ^^ami 40 
iEiiig&2 9 0 ^mm-t^o 

[0 0 3 7] :^^<D~mS,mi:m2 S:ffi^^TI^^^■r 

[0 0 3 8] Haiiiai lC^bfc58ro<D^f*:^{C^ 
S-^«aj$:3^bfe=fo«)T-feU, tm^l 2 2, 1 2 
3, 1 2 6, 1 2 7fe<J:tJf*i«iif|l 3 4, 1 3 5 5:;r^ 
7>>niI8&fcJ:oTfite5tU ;«-7-fe'y h*liEiaS&3 1 0 
2S.tK3 1 IhLTD/Aaggiag&S:, ^1 ©3^^122 

1 0 tl^xr-^nir:x>( y^^, SI2CDSIih#®2 1 1 so 
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[0039] SI 0 ld:*iag#!(tcfet:ts h 

[0 0 4 0] *!Jii?)lC51ltC)IW^lCoV>Tlftra-t-S„ 

[0 0 4 1] S2{CeV\T, Kfji^l 0 Om^l 0 1 

u :^:fJlmmQmo>mmE^mmmsBm2 

9 OT'I, Qj^fSftliEStim D/A^SWl 1 0 
S.tJfi 1 UcA:dLTT:^ny^-y?.A>Klffi«-^S: 
t;fQ=ffi^#tC^$tvS. :i-y<7y:f3 5 0211)^3 5 1 
lCA*3nT!fgjiM#SJ:lJftH^«2 4 0lCj:oT«!l 
t^^tlSD/AI^HIJilSl 1 2^.0^1 1 3ffiij(©DC:4- 
7-fe>y h^«iiinmcS*iS„ ;«-/<T>::'"3 5 0JS(X:^3 

5 1 ffi:^J{i, T-^-D if^s^ 3 4 2;&tJf 3 4 3 *WJ1^ 

^g2 4 0{cj:oT3>^;:/-9- [c] mKim^tit=.m 

^mmm<D^^Tyzf3 5 23^1^3 5 3lCj:oT=^igJ 

mm^nxm^&mi^i 4 oicA^sns. iits^isii 

1 4 Ottl^g^i 9 Offi;tr««liiatM#5:A:*<i^T*ti[ 

imi5oxm^jmm^*u mm^240iz^^xm 
i^imit^tircm2(m±^m.2 1 iop^j^^3 3 

ORZ^ryri-y^^ y^3 2 0 Lxm:^)^- 1 

6 0*^e)T>^^^^ffiiJS4^S. s^j*e*sgsi 

$:#;^:-5^SSl 7 0T*^$4%fe^, ii3£^#l 8 

otcA:ds4x, wmi^oiUchommm^^j^hi, 

XWmm.2 4 OffiA<Z>fti|Wi#{Cj:oT(SfflS:li«gb 

Tffi:^j-rs#*ggi2 oom±o^^mm^x%^m^-^ 

^^^^^m^l 8 0a^:^;5:3^/<T>y3 5 42S. 
l?3 5 5{CA:df-5= ;t-^7>:/3 5 4, 3 5 5tCtt0J 

wmm.2 4o\zii'Dxwm^i[\.^'D/hwm^i 14 

8 0©m:5i;in^$tiTltfiBiliii«#lc#f5-r5/<->(. 

^3 4 OJttJfS 4 1 lCA*-rS. «flffl^S2 4 O-CHiS 

;i/-:/®oN/o F vfsma^-^n^r^u ifT.-^ 3 

4 OS.1^3 4 1 S:;r^T>:/3 5 O-BCO-3 5 iMtCg^ 
LTT-^-Dy>^-f ^y^3 4 0^t)f3 4 UCA*bfet«S3 

5 02fct)f 3 5 1 G)A:tf(C!W3St-S„ 

[0 0 4 2] r^tChl/-r^>y^-FlC-3V>T, 010 

[0 0 4 3] h i/-->in^icii5t{c|liWLfc!l«i;i/- 

e>^:A?)tC f!^^^g2 4 0Jt)^T:^^^X-^'>vf^3 4 0;a 
tJfS 4 1 S:^a^ll^ffilItC^»;mSJ:e>fCiiUPUT!WJg 
n^-^^msxt^. »C, ^T'^r^^^S 5 2^tt;3 5 3 
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ffio*y, AM-PMg^S:#J58:tSfe«)lc, m^v-zf 

^x%m)i'-^t^L^^W]imtmmi 5 OKA 

A-rs J: e) ic|e^34xs. Jglcf{|ffl§SfS2 AO its h u 

3 0 $:8^HE- KlC, T^^^^X'f >y5^ 3 2 0 ?: 
^5i-^-t-;i/3 0 2WC|8g-tS, -^-LT, ft!fi^g24 10 

(Dmmz.m£sm.<Dmmm (pi~p2) *^3n 

So 

[0044] J£^T^-4x-?tl® h U--yifiZ-^\<^xmm 
[0 0 4 5] -©J:e>*, J«TtC3iWtSDC*7-fe^; 20 

[004 6] mi(Ohiy--y'^m^tLXDCyt-y'b 

>KI, Qm^\Z'^'T-9^K±!L. ;4-'^T>y3 5 0 
2itf 3 5 1 ffi:^jS:^ffi.?& a I , a Q J: 'J, Jti?§|2 2 3 
3tt;2 2 4tCA:^3-tS. ZKDi:^, <BHB^2 4 0l4g 
^«EIim2 3 Offi:^fS:0 [V] {Cf!MLTJtf?||2 2 
3S:t>*2 2 4^3(^0 [V] i::t^T>:;^3 5 0, 3 5 30 

1 <D&,ti^iimm.ir&, 

[0 0 4 7] ^^^ffiailCJ:orffiHH^2 4 0 A^D 

/A^HIS&l 1 25:0^1 1 3 aj:t>S:S:««flc^LT 

SiS-r-S. J:ypL<(i, «!fi^g2 4 0lii®i8!igH5: 
P1=-V1 [V], P2 = + V1 [V] (V1:D/ 

A^^mi 1 OSLtfl 1 l<Z)A7^i/:¥S.t)^4#lfS: 

U D/Ai^EBIl 1 2^t)f 1 1 3 5:-V 1 [V] ~ 

+v 1 [V] (Dvmx^hxmmm&^mtj-t^, 40 
\yxmm2 2 3s.i?2 2 4 ^^cyn^if^Km.'t^h^A 

OD/A^Uae&l 1 2jg:t)fl 1 3m:t;$:DC:t:7-fe>y 
h^fiESEi: LTSiyt-r-S. Z:ntcj:y, D/AgQilll 
l&l 1 0, 11 im*®DC:*-7-fe»y h*^=^r^>-fe;i/$ 

[0 0 4 8] mzm^K-TsAy ^m^o^-DCyir-yMv 

S:«imj^bl, bQJ:yjt!|lg|2 2 i;RrJf2 2 2lCA* 
tT±IBi;ll^tC^I@BEIiIS«&2 3 0m:*j<!!>0 [V] t 

50 
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[0049] ^mmm\z.i. t> xwmm. 2 4 0 

/A^aami 1 4&t5l 1 5m:fJS:M1tK»tci^bT 
^DC;*-7-fey b*«^-v>-fe;i/3*i-5D/Affi:dMS 
SliS-tS. ::tilc<fe»J, JgjaiilB&(Z)DC::4-7-fevy h;{^?dip 
^:^i2;i/$*is„ fiW^S2 4 0}dl^^«gH$: 

Pl=-V2 CV] , P2 = + V2 [V] (V2:li3S 
^iiggl 8 0®7<9^y:¥2itt«g#l4S:#iitLfc«^® 
:t7-fe»y ) tC®^U D/AgSJHK 

B&l 1 4;atFl 1 5$:-V2 [V] ~+V2 [V] CDlg 
HT'«I^bTfiSK«ffiS:m:*-rSo ^LTitS^§|2 2 1 
-BtXf-2 2 2ffi:^®^rt*^j5lfEt--2)^.^,®D/A^g|lli& 

1 1 4^0fl 1 5m*«:DC:4-7l2^y h«BE«Ei:LT 

[0 0 5 0] l|2®M/-^>i^ai!gi:LTfiJffiS/7h 
[0 0 5 1] I = a [V] , Q=^0 [V] {C^a^-fSA 

3 5 4^0^3 5 5ffi:^j$:^ffi,^,b I, b Qi 1)^131^2 

2 i2it>*2 2 2{cA^-tS. 4 OliS 

SiSffiIii&2 3 0m:^J«:0 [V] fCili!jpLTJt«aSS2 2 

1 S.tJf 2 2 2 \ZK± U M#(ii:bii^[I^$tlS„ 
4H[S«f|{C J: oT, ffilj^e 2 4 0 A^ffitl 2 0 0 
Wi\zm^\-'Xiir^7y:fZ'oAmS-^ 5 5m:^j:^)U* 
=-k-a[v] [k :iEO^ , Q' =0 [v] fC 
^■S^^gi&^-rs, 01 1 S:#MbT3^x$:3S{Cf^ 

[0 0 5 2] iWffl®HS2 4 0l41tiaS2 2 i:atJ!2 2 2 
WzOiW^\Zi.^X^^ (Pi, P2) 5:011® 
J: e) {CieSU #=fiS2 2 0 5:^(DiM|gHT'i»UT 
ffii«ii?St##0^$:^^^-S,, ^LT, J:bieg|2 2 
2m* (SWiSQ) ®#t*«S«st-Sl^j^<Z^^«Sg2 2 0 

K7y:fS5Amf3 5 5tiiMiV =-k-a [V] 
(k:iE®l^ , Q' =0 [V] Hfji^JA^K-yi./^ 

[0 0 5 3] ms<Dhl^--yifm!^tbx^JJ^-7. 

[0 0 5 4] I = c [V] , Q=c [V] ICffi^-rSA 

tiy^^P^Ji^-y^^'^ym-^^AijLx, yt-^yy^ 

3 5 0^tt;3 5 1ffi:^3$:m^.al, aQi'J^U 
itg?^2 2 3^C;2 2 4{CA±rS. «lj^®2 

4 0Ji^imEliIB&2 3 0ffi:l!jS:-m- c m (-m 
C-IS] : HlfEitiIiSite!to3j-/^T>:/3 5 0^^t>*3 5 1 ® 

fu#) KmmbxjiM&S2 2 3;a:t>'2 2 4 tcA:^-rs= 
j±i?S2 2 3, 2 2 4ttM#s:j«fiM-r5. mmm& 
ms.izj:^xm$mi2 4 0i!mfmEm^2 9o^R 

Wi^iz^VX7i-^7y^3 5 02i:tJf3 5 lffi:^*U = 
-m- c [v] , Q=-in- c [v] tC;&S«PS*iliEffi 
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^^■t^o ij, mim: 2 4 0 immm^ p i 

= -Gl [dB] , P2=+G1 CdB] (G 1 : D/A^ 

01^2 9 0S:-G1 [dB] ~+Gl [dB] (DUmvmU 
^«mt^o ^UTJt«?SI2 2 3&t)f2 2 4ffi:d<Z)??# 

[0 0 5 5] 2^^0!lT'l±iti?g|2 2 0 S:A*# 

DisftbTT'-f s:m*-rs 2 2 0 1 *^e> 2 

2 0 4(DA/D|^|g|l^<Z)itieg§2 2 0' i:bT=b± 
^-5c ZICO®^, ft!fi^g2 4 0lC{*^^#tC^S 
01 o®-7n-^-v-ho!) r/t^^-^Jfg^ ;et-?T*J; 

«!I^^M2 4 0 (mtfV-fi'D^D-fe^y-y-, DSP) 

^S?R^-r s :i i: % «rieT&s, 

[0 0 5 6] gI9(3!)||lCDt«e5f5eyCDJ;e)lCDSP 

y«lfflIS:ffe>S^l*, H2®li{Sffiiee!i!&2 9 0^J:tJf 

;*-7t^y N«iElllg&3 1 0(DmmDSP(mm (^n 

[0 0 5 7] 

>V^{C J:oTON/0 F F®fi®-r5fSSI?fcW;^-':^f!H® 30 
{C J: h yfiJ^{C J;tlli. ^ffi 
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$mmmizii^i£nmft^z.}nzi:^x. wmtx^ 
[ia®®«#^j;mw] 

[0 1 ] ^^(D-mmizisi-f^m^ii^tzru 

[gi3 ] :^mB<7immiz^Hs,imm(Dm>-mi: 

[®4] 2o®D/ASeilii&cr)©|igHJifS:^Te):;^n«y 
[06] El7®tJe5Ka$g®^iW3gIlB&lc*N-SM/-- 

[07] mms\z^s>mmm^n^imwmm^ 
y^^mm-fuyi^mo 

[09] tjfelM{Cj:5DC;r7-fe>y FMfflSSrfi'e)*!* 

[01 0] :^mm(r>mmizi3Vf^.h\^--yif9m<D 
[09] :mm<Dmmizi3i'y^imiyyhhu--y 

10 0, 10 1 AJMf-. 110~111 D/A^P 
1 2 2, 1 2 3, 1 2 6, 1 27 im^, 1 

34, 1 3 5 mmik 140 isasBsi, 150 

wjiwm. 1 7 0 ^ti, 1 8 0 itss^n, 1 
9 0 ^g^, 200 ^^m, 210,211 ^ 

220, 2 2 0' imm. 23 0 
», 24 0 mSmS. 2 70 ^I^Jffi^^, 29 0 

isfiffiiEiiM, 3 10, 311 ^t-y-^yhmim 

!!&, 3 20 yy^i-Ts^v^. 33 0 sm^^. 

34 0, 34 1, 34 2, 34 3, 343 T-^U^T. 
-f'V^, 3 5 0, 3 5 1, 3 5 2, 3 5 3, 3 5 4, 3 

5 5 zt^ry-:/. 
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I 0 I 



2 4 1 

I cm 



^2 6 0 

a I 1 4 0 

■i— 1.6 0 



f \ 1 1 




<1 3 3 

7 

26 I 



(ON/OFF* #> 



Cf 2 6 



8 2 0>r 



<1 T 0 



ATT 



[@8] 



2 5 0 110 



1 — ^ Kt)-e • t jA. 



1 4 0 

1 s 0 i 



0(t)«a • t 



I 1 1 



4 



-A I 



-AO 



84) 



222 



737- 



[gI9] 




(11) 



#g85plO-13 6 04 8 



mi 0] 



I mmm (p i. pz) bke 




Dai 1] 



01191^) 


ttttll2 2 24»« 


CMR) 


■ ft K n 


p 1 


P2 


+ 


+ 


(« 1 ) 


+ 9 OS 


+ 18 0* 




+ 


mzmm) 


OS 


+ 9 OS 








-90K 


am 


+ 






-180* 


-9 OK 



[^l^lfiiEl] 

[02] :mm<D-'^mic^-r&^mmi:^^u 



[05] m?|f.(^M^S2o©^-;:^>'-N'>K#-^lC*fLT 

0. 

[0 8 ] 0 9 (Dvm^(^>^jmssamcm-s> hu-- 



i^^l 0-1 3 604 8 



[010] :mm(Dmmizi5vf& h iy--z/ if ^muD 

—W^^tyu-'j^'v- ho 
[mil] :i!i^(Dmmiz^\f^mQyy h n i^-- 

10 0, 101 IdMf'. ll0~ili D/AiE 

Wmi&. 12 2, 1 2 3, 1 2 6, 1 27 Jn#g|, 1 
3 4, 1 35 mm> 14 0 150 



rnjjmm. 1 7 0 mm. 1 8 0 asssiigi, 1 
9 0 mm. 200 2 1 0, 2 1 1 3^ 

220, 2 2 0' Hams 2 30 ^mEE® 
B&, 24 0 mmS. 2 70 ^iRfffig^, 29 0 

^i|iiffimilli&, 3 10, 3 11 ;r-7i2y MffiEHI 
B&, 3 20 yy'ri-T.^ 330 p^^SI, 
34 0, 34 1, 34 2, 34 3, 343 7i-Uify> 
-fy^, 3 5 0, 3 5 1, 3 5 2, 3 5 3, 3 54, 3 

5 5 yt^7>-:f. 



